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ABSTRACT 

The Weather and Surface Radiation Prediction Unit cojmenced 

preliminary weather observations at the SHOAL Site in August 

1962. Sufficient data was collected to insure statistical 

slGnlflcance. Commencing on D-30, a complete weather analysis 

and forecastins unit was in operation at the SHOAL Site. The 

weather facilities, observation schedules, detailed pre-shot 

weather and radiation forecasts, ana their verification 

are discussed. 
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CHAPTER I 

IflTHQEUCTIOK 

1.1 OBJBCJTIVES 

Proper evalviation and minimization of the potential raeU- 

ntion hfltard, associated vith the possible venting of radio- 

active materials from the SHQÄL uaderground nuclear detonation^ 

required the utilization of meteorological facilities for 

measuring and predicting atmospheric conditions. The  complement 

of the Weather observation and Prediction Unit varied from 

intermittent observations by 3 meteorological technicians, 

comnencing in January 1963, to a coraplement of 13 (teeteorologists, 

aids and technicians) from D-l to the time of the actual event. 

1.2 FUKCTIOKS 

A primary responsibility of the WBBS, Las Vegas, Hevada, 

■was the maintenance of a meteorological service at the SHOAL 

Site vith the capability of preparing and issuing forecasts of 

meteorological elements pertinent to test activities and eetl- 

mates of possible radiation exposure resulting from venting. 

These forecasts vere made available to the Test Manager and 

his Advisory Panel in formal briefings on October 25 and 26, and 

in informal briefings at the Weather Trailer Office in the CP 

Area during the period D-21 until shot-time. The unit vas 

responsible for the interpretation of meteorological data and 
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for advisinc test personne1. on -.matters inCi uenced l-v  the sbate 

of the atmosphere. 

1.3    ORGAKtZATIOK 

The '/eather Obscrvoticn and Pi'cdiction Unit vr.c [xaücr who 

opci'at'onel control of the Toot Manager.    Uosponclhil ity for 

the Veether service vac üeieGotod l-.y the ücientific Advisor to 

the Weather Prediction Unit, vith the Jfeteorologist-in-Chai'Ee, 

\fSV\S,  Las Vegas,  Kcveda,  actia?, oc chief of the unit.    Technical 

personnel and supervision vere provided by the U.S.  Weather Buvecu. 

The Weather Observation and Prediction Unit worked in clocc 

cooperation vith the Radiation Prediction Unit in order that the 

Safet;/ Prograa votLLd have the benefit of 'ehe Most accurate,   up- 

to-date and useful infonTiation possible. 

The Weather Obc^'vation and Prediction Unit consisted of 

observation personnel that operated the upper air sounding stations 

and processed asteorological data,  equipment maintenance personnel 

responsibLe for preventive and repair maintenance of all fOBtas of 

equipment,  and forecasting end briefinc personnel responsible for 

the accurate and timely forecasts of pertinent meteorological. 

parameters. 
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CHAPTER II 

2.1 OBSERVATIO^w PROCEEUiTE 

From the climatolocical data ottained fron surface vind 

InstrujnGntE, plus the upper ai- records fran NAAF, Fallon, 

Ifcvada and upper air data obtained by KBRS personnel at inter- 

mittent intervale covering all seasons, it voc  detemincu that 

the most probable Meteorological conditions that vould occur 

during most seasons vould be northwesterly winde et the GZ 

surfecc, gradually shifting to southwesterly winds above 

3oon feet MSL. (See Figure 2..1 -  2,3). From these data a 

Ground zero site as well as two off-site pibal stations was 

selected in the most probable downwind sector. Pibal Station 

^i'l was located at the intersection of the Scheelite Mine Road 

and the Shoal Site Access Road. Pib«il Statin :
ir2 was located 

one mile north of Highway >ü on the dirt road extension of the 

Scheelite Mine Road. 

The two off-site Pibal Stations afforded excellent statis- 

tics on Um  level winds on the Fairviev Valley and, with simulta- 

neous data from the ground zero site, the ability to provide 

reliable short range forecasts of the wind field in the vicinity 

of the SHOAL Site and Foirview Valley was established. 

In the event that a wind regime other than thrt described 

above were to exist on D-Day, two alternate pibal sites were 
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selected and saiBpleE of upper air data were collected inter- 

mittently for clljaatologicai statistics. Fibal Station v3 

was located at the salt aill in Pourmile Plat. Pital Station 

$4 vab located alongside U.S. Highway 50, 15 miles west-north- 

vest of the Scheelite Mine Road intersection. 

Prior to D-30, intermittent sampling of upper air d-^ta 

was conducted to determine the topographic effects on the 

lowc* level winds and to statistically compare the wind field 

above the svrrounding topocraphy with simultaneous upper wind 

observations taken at H/^AP, Pallon in order to determine at 

what levels ehe wind fields were nearly identical. The  data 

collected Implied that the seven year record of wind statistics 

at 8000 feet MSL end above would apply to the SHOAL Site. The 

levels below GOOD feet MBL vere definitely affected by the 

local topography. The proper location of downwind off-site 

pibal stations greatly alleviated the low level forecasting 

problem. 

Coaanencing on D-30, simultaneous hourly upper wind observ- 

ations from OöOO-lSüü EDT were taken at GZ and one off-site 

piljal station. This schedule wae expanded io include both off- 

sit- pibal stations cooancn''ing on D-Zl. 

On D-lU, and continuing through D-E&y, the GZ observatione 

were made from the M-33 radar located below CP alongside the 
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the CP Access Road. 

On D-7, and continuing thz^>ugh D-Day, upper air pressure, 

tenrperature, end hualdity observations were taken at 0730 POT 

and 1000 PDi to augmeat the hoiirly upper air wind field data. 

On T)-hf  and continuing through D-l, smoke pot observations 

were conducted at 1200 POT' at GZ to detemiüe low level trajec- 

tories under ..orthwest surface wind conditions. On D-Day these 

observations were conducted from the radar site at OT3.5# 0L15, 

0915, and 1115 POT using tetroons (constant level balloors). 

One surface wind speed and direction instrument and 

recorder vas installed on the  Caamunications Microwave Tower 

on the peak, appx'oximately two jaJles southwest of gmrnd zero. 

OMs instrument was so located to obtain as nearly as possible 

the true surface wind free of terrain effects. The other 

surface wind speed and direction instrument and recorder was 

installed approximately ^00 feet west-corthwest of ground zero. 

In early October the two wind instruments were telemetered 

to the Weather Bureau Trailer at the CP Site in order to have 

the wind data immediately available to the forecaster. 

Radio end telephones were used to disseminate weather 

information on-site. Off-site upper-eir data were transmitted 

by radio coaBaunications. übbulated weather data covering the 

event were distributed to prir-^ipal participants immediately 

-5. 



after the event. Post-shot trejectories were coorputed and 

disseminated to USPHS and AFEAC until H+S^f hourts. 

2.2 AHALISIS PEOCEDUEE 
I 

Prior to D-30, local sui'face and tapper air data were used to 

caaplie statistics on the general monthly wind and temperature 

pattern at the SHOAL Site. Commencing on D-30, facsimile charts 

were tu^ major source of infonnatlon required for general fore- 
I 

casting. !Ihese were supplemented twice daily by more detailed 

analysed surface and upper air charts from teletyre data, and 

daily time cross-sections of the upper air wind, pressure, temper- 

ature, and humidity pettems from SHOAL Site observations were 

utilized as aids to detailed local forecasting. 

Comnencing on D-T, surface weather charts, the wind fields 

at 2000 feet above the surface, and the wind field at 10,000 feet 

MSL were analysed every six-hours. 

2.3 WMOHER BRIEFIHGS 

The weather briefing was formally presented to the Advisory 

P&nel by the Briefing Meteorologist. Briefing charts and fore- 

casts used in the presentation were prepared by the Briefing 

Meteorologist assisted by the Project Officer. The final decision 

on the forecast and the briefing charts was the responsibility 

of the meteorologist giving the formal briefing. Briefing 

materials were graphical displays (Figures 2.U and 2.5) of the: 



lO,OGO-foot prognostic ßtreemllnee for H-hour, vith forecast 

trajectories to kd hours for the 2ml  standard level above the 

surface and to 2h hours for 10,000 feet MSL; clouds and veather 

for the period H-H to H+8; and winds aloft and surface vind 

forecasts for crountl zero crackctinc shot time. Also includ«d 

vere the event forecast temperature soundin-r and wind profile 

to .U,O0O feet ^SL. 

A daily forecastinc service was taaintained at the SHOAL 

Weather Trailer. Event briefinss were prepared separately. 

One briefins was held in Fallon at an ABC conference roosa at 

1300 PDT the day prior to the eventj the second follow-on 

briefing foi the Advisory Panel was held in the Test Msnaßer's 

Trailer at H-2 hours. The final shot-time wind forecast in 

1,000-foot increments up to .10,000-fcot MSL was completed one 

hour prior to briefing time and given to the forecaster from the 

Radiation Prediction Unit. 

After the pre-shot briefing, the Briefing Meteorologist 

monitored the latest incoming wind and weather data and inter- 

preted additional data as necessary both before and after deto- 

nation. With venting ü possibility at shot and after, the servicos 

of the Briefing i-feteorof.ogist were available to comraence trarking 

octlvities end trajectories associated with any nuclear cloud 

resulting from such venting. 
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CHAPTER III 

RESULTS 

3.1 WEATHER CHBOHOLOGY 

Daring the period September 26 throuch October 23, cxtremely 

persistent veather conditions prevailed, c^ractcrized by abnor- 

raally vsrm end dry veather throughout the United States. Durinc 

this period vinds at the SHOAL Site vere southeasterly from the 

surface up to approximately 10,000 feet MM*,  an unacceptable direc- 

tion since the vinds were directed tovards Fallon. On October 2Hth 

a rapidly developing lov pressure are« moved into the Gulf of 

Alaska and vae headed toward the yashington-Csnadian Border. An 
I 

active cold front passed the coastline in 'Jashington the afternoon 
I 

of October 2hth,  bringing torrential iBin and high winds as far 

south as the Horth California Coast. The speed of this cold front 

vas determined by successive houriv plots and, fej 1100  FDT, October 

25, it ^ss determined that the front would pass throuch the SHOAL 

Site late on the 2,;>th or early -xorniag the 26th (Sec Figare 3-1). 

At this time it was also noted that the southern portion of the 

cold front, after passing the coastal inountain barrier, was pro- 

ducing progressively Iocs  amounts of precipitation. Ba^ed on the 

above, a forecast was issued for near perfect concUtionc to prevail 

at H-Hour the morning of ths 26th. 

The surface front passed throuch the SIOAL Site at 0215 HE", 

October 26, indicated by a sudden wind shift at the nurface from 



crouih to northwest. Overcast skies prevailed until oHjO PDT, 

tlian rapid clearinc occiirred. % CYOO PDT, surfece vinds vex-e 

8te8^ northwest 9-12 MPH, with clear skies. Winds aloft in- 

dicated approxitaately a oO degree wind shear aloft heconlnG 

southwest 20-25 knots at 10,000 feet. A temperature soundinc 

at 0700 PDT indicated the front aloft to he at approximately 

7500 feet MSL. Using normal slope for a frontal surface this 

indicated the front was at the surface (3000 feet hBL)  appro::!- 

mately 50-Y5 miles southeast of the SHOAL Site. This was verified 

upon analysinc the 1£^0Z (O^OO PDl) surface weather chert. (See 

Figure 3-3)<> 

Figui'es 3.1 through 3.h  show the continuity of the surface 

weather charts. Figure 3.5 i« a streamline analysis of the 10,600- 

foot wind at H+l hours indicating a moderate southwesterly wind 

field a'cove the SHOAL Site. 

Tahle 3.1 "below indicated the measured mean layer winds 

observed on 2i;-26 Octoter with the potential fallout arcs measured 

in dogreec true from GZ and the angular width of the potential 

fallout area. 

3.2 UIMD FORECAST VERIFICATION 

One method of oltaining a measure of forecasting skill ie to 

cuapare the fojrecast made by the Briefing Keteorologist with a 

"persistence fox'ecast" made by the wind soxmding prior to the 
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briefing vi-h both projected to the actual event tlae and 

coopered with etwt* time wind«. 

The briefing wind forecasts and persistence wind forecasts 

are compared to the actual shot tiae winds in Table 3.2, «nd 

error evaluations are made for each level in speed and direction. 
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3.3 RAEIATION CH)* JOLOU^ 

The  SHOAL experiment was designed to completely contain 

underground all radioactive oaterials produced by the detonation. 

Based on previous experience, the 1200-foot burial depth of the 

device was sufficient to prevent a blowout through the overburden. 

Closure of the horizontal tunnel was anticipated both because of 

the vertical buttonhook emplacement of the device end the presence 

of a fault In the tunnel which was expected to cause collapse at 

that point. To prevent gases leaking through the tunnel and up 

the vertical shaft to the surface, a series of sand stems was 

used in the tunnel and in the lower portion of the shaft. "Sis 

coiabinntion of these factors minimized the probability that vent- 

ing would occur through the tunnel. Cracks, hovever, would be 

formed as a result of the detonation which might intersect exist- 

ing faults in the immediate vicinity, this producing a possible 

means of escape for radioactivity. This mechanism was considered 

most probable for the maximum credible release. The material re- 

lease -would be inert gases - all particulates being removed before 

reaching the surface. The Initial release would probably not take 

place Immediately but would require several hours because of the 

long and indirect path to the surface. If venting of this nature 

occurred it was expected to continue for many hours. A modified 

form of Button's continuous point source diffusion equation was 

BilW 



used to predict total exposures due to the vented radioactive 

gases. 

Consideration vfts also given to the consequsi 'es of 

immediate venting vith the fraction of total activity out per 

unit time being similar to the Gnome event, ühis vas considered 

to be an extremely unlikely occurrence. The  estimated peak dose 

rates due to cloud passage vould undoubtedly be conservetive 

because of the differences in stensaing. 

It vas assumed that 0.^$ of the radionuclides Xe and Kr 

produced by the detonation vould be released to the atmosphere 

over a 2^-hour period beginning et H+6 hours and ending at H+30 

hours. The hazard associated vith these radionuclides is in 

the fom of an external gemaa dose and therefore total exposures 

due to the passing cloud of gases as a function of distance frop 

ground zero vas computed. Since the S^-hour release vould occur 

during both a nighttime and a daytine atmosphere, a separate set 

of meteorc'ogical parameters vas used to determine the exposure 

for each period end then totaled. This amounts to assuming that 

the mean vind directions vould remain constant during the entire 

2^-hour period. It vas further assumed that the meander of the 

plume vould be confined to a very narrov 10° sector. These 

assumptions tend to make the estimate very conservative. Each 

Xenon and Krypton nuclide vas examined separately and the total 
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exposure at all distances produced by each nuclide vas compared 

with the laaxinum permissible exposure as furnished by the 

Operational Safety Division, HVOO. The predicted total ex- 

posure tr« Xe135 produced the greatest hazard but it was 

approximately two orders of magnitude below the maximum per- 

missible (l.T x 10 '" cur-raW^-5) at a distance of five miles 

downwind, the radius of the exclusion area- This estimate is 

shown on Figure 3.7. 

Peak dose rates due to cloud passage for the unlikely case 

of immediate venting are shown in Figure 3.8. A 3000-foot cloud 

layer, 30° of shear in the fallout hodograph and a mean layer 

wind speed of 10 mph was assumed. A hot line bearing of 135° 

was predicted. The nearest populated site downwind on this 

bearing is the ixwn of Cebbs at a distance of 35 miles. At 

this distance it was estimated that the peak dose rate due to 

cloud passage would be 20 mr/hr. 

The pre-shot vertical temperature structure is shown in 

Fl^nre 3.9. This diagram indicates an inversion at approxi- 

mately 2000 feet above the GZ surface, however, a 3000-foot 

cloud layer was used in the prediction computations. TtdB  is 

because the SHaAL Site terrain drops off a few miles downwird 

to a valley, the elevation of which is approximately 1000 feet 

lower than the SEOAL GZ, making the use of a 300C-foot cloud 

layer reasonable. 
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3.k   RADIATION VHOTICATIOM 

Ho radioactive materials were releaaed to the ateosphere 

as a result of detonating the SB)AL levies. This was verified 

both by ground and aerial monitorj- 
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CHAPTEB IV 

AB pointed oat in Section 3.^ DO radioactive sa^terielß 

uere releaEed to the atinospbere as an ißmediate reault of 

detonating the mOAh device. !Ehus it geeiae logical to assuroe 

that leakage of radioactive gases vhrough eaall crack»  la the 

overburden, possitly produced by the detonation, might occur 

at some later tlaie or that pockets of gases might be encountered 

during the drill-back operation. 

For this reason it vas necessary to provide meteorological 

support until December Ih,  1963 at which time the project manager 

decided there was no longer a requirement. 

The extent of the neteorological support provided vas a 

function of the drill-back progress. Initially four vind sound- 

ings were taken each day at OUOO, 1000, l600, and 2200 PST. 

Although no formal weather forecasts were presented, intermittent 

monitoring of the weather was riintained and forecasts were pro- 

vided on requct. Facsimile weather transmissions, teletype data 

for winds aloft analysis, and the local wind tower inforaetion 

were utilized. A constant level balloon (tetroon) was kept ready 

at all times in case radioactive gasee should be released to the 

atmosphere. This tetroon would be useful in determining the 

radioactivity trajectory. 

-17- 



^en the drill-back bad procressed sufficiently the 

weather station was manned continue 'd:'. 

Temperature soundincs were token at ^00 and l600 PST 

and radar winds were taken at M,  3T-30, 100O? 1200, l6O0, 

1900, and 0000 P£T. Estirates of radioactive r,as concentre 

tions as a function of distance from ;he source and the v^i 

joctory of the radioactivity wore provided upon request. 

Upon completion of weather support requirenents at the 

SHOAL site, plans were made to make ready and return all 

Weather Bureau eqtdpiaent to the Nevada Test Site. 
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STATUTE   ULES 

Figure 3-7   Graph of Predicted Peak Doge Rates Due to Cloud Passage 
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